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Description 

FIELD OF TUP iMx/FKrn^H 



used ^a^S^!^ n SS^^ 0 ?,!^* TT*? * least ^ el ^ents which is 
« used in a dispersed state as a filler or a S^vZ^^l ™*"™ 1 material or * structural material, which 
sinore crystol or tor flame spray coating. ^rthrer^' ^ ** *" «* 0du, * n * * 

» EBKJaABI 

to be used as the raw material havea toaeTrZ^^ ^ ^ Properties <* the metal oxide powder 

ttbutor, and a weak bond among primary parficles £ 'if IlS^S^ ** * a size dis- 

mula: Y 3 AI 5 0 12 . and in a broad sense ft Tr^eH^^' tZTt adde by the general for- 

25 by cerium, neodymium. S£n J^C^S^S, h "*** 8 ^ * elements aTe 

optoetecfronics. For instance, single crystalTZn^n^^^ BBmet is «" as a mother materia, in 
by neodymium is used as a laser osdlla^n^^^l^" J^J * me element is replaced 
part of the yttrium element is reptaced by ce^^^Xm^ * *" garnet in which a 

A rare earth element-iron garnet (fSX^S rS Tj^^ Substence - «« » 
*> garnet ^Fe^. or a garnet in whichlpS^Je Te ea^h ^ ' S fef * eSented * 

ful as a magnetic material for microwave appficatfonT* fZfST ^ ' S replaced * a™*"* metal is use- 

A sow solution of metal compound taeS a ^ 3 ""W****! effect, 

meta. selected horn yttrium. ■SKSKto'S £££ ^ and an oxide of a. leas, one 

useful as a material to be used in a high ten^m^eTes^^! 3 *, ^ 98 scandium ^ is 

<*• F «*er. » is used as a ^fS^S^^Si^ m C ° (Me mate "" al - 8 P«oelecWc 
Hitherto these complex metal cMesmuodk^^^T^. wi,ames W «*B"9- 
mdhod. a hydrothermal synthesis STSltE"? a solid phase method, a gas phase 
problems such as formation of aggfomemtei .2K3££2^2^ metal oxide powders havescL 
nt.es. control of a particle size, and so on and »«I3rtn!^^S" * 8 ,ntended removal of impu- 

* ^themselves have problems induding ^^^^^ *» ^ 

prottems of apparatuses, costs of rawrnSeriS^^Tr^ho pf0Cedures control, 

powder which contains less agglorneratedlSS^KlIr; ^ red to a metal oxide 

for producing ^ conX^ oSe^ 8 ^!! ZZZ^* "'I**** 0 "- «« to 

oxne powaer generally and advantageously in an industrial production. 

45 SUMMARY np THE IMVFMTIT.K! 

An object of the present invention is to provide a nnmniov 
comair^less aggfomeratedpartjc.es and ^ZZ^^^^f^ two meta. element which 
preferably used as a metal oxide powder to be used^^w ^ ^ ^° n 81X1 a uniform P 3 ^ shape, and is 
50 fo-ctiona. materia, or a structural SSZ. a ^^^T^^^ ™ ^ C8n,nfc « a 
^-ep^erfobe^asar^matrpS^ 

ue empioyea generally in the production of various metal oxide powders 
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which are excellent industrially, and the present invention has been completed after further investigations. 

That is, according to a first aspect of the present invention, there is provided a complex metal oxide powder com- 
prising at least two metal elements, which comprises polyhedral particles each having at least 6 planes, a number aver- 
age particle size of from 0.1 to 500 jim, and a D^D^ ratio of 10 or less where D 10 and D 90 are particle sizes at 10 % 
and 90 % accumulation, respectively from the smallest particle size side in a cumulative particle size curve of the par- 
ticles. 

According to a second aspect of the present invention, there is provided an yttrium-aluminum garnet powder com- 
prising polyhedral particles each having at least 6 planes, and an average particle size of 20 to 500 pm 

According to a third aspect of the present invention, there is provided a method for producing a complex metal oxide 
powder comprising at least two metal elements, which method comprises calcining a mixture of at least two metal oxide 
powders and/or metal oxide precursor powders, or a metal oxide precursor powder comprising at least two metal ele- 
ments in the presence or absence of a seed crystal in an atmosphere containing at least one gas selected from the 
group consisting of (1) a hydrogen halide, (2) a component prepared from a molecular halogen and steam and (3) a 
molecular halogen. 

B R IEF PES C R IPTIQN QF THE PRAWINQS 

Fig. 1 is a scanning electron microscopic photograph (x 172) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 1 , 

Fig. 2 is a graph showing a particle size distribution of the yttrium-aluminum garnet powder of Example 1 , 
Fig. 3 is an X-ray effraction pattern of the yttrium-aluminum garnet powder of Example 1 , 
Fig. 4 is a scanning electron microscopic photograph (x 172) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 2, 

Fig. 5 is a graph showing a particle size distribution of the yttrium-aluminum garnet powder of Example 2, 
Fig. 6 is an X-ray diffraction pattern of the yttrium-aluminum garnet powder of Example 2, 
Fig. 7 is a scanning electron microscopic photocjaph (x 3000) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 4, 

Fig. 8 is a scanning electron microscopic photograph (x 850) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 5, 

Fig. 9 is a scanning electron microscopic photograph (x 850) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 6, 

Fig. 10 is a scanning electron microscopic photograph (x 850) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 10, 

Fig. 1 1 is a scanning electron microscopic photograph (x 425) showing a particle structure of a dysprosium-substi- 
tuted yttrium-aluminum garnet powder observed in Example 12, 

Fig. 12 is a scanning electron microscopic photograph (x 1720) showing a particle structure of an oxide powder 
observed in Comparative Example 1, 

Fig. 13 is a cyaph showing a particle size cfistrfoution of the oxide powder observed in Comparative Example 1, 
Fig. 14 is a scanning electron microscopic photograph (x 425) showing a particle structure of a dysprosium-alumi- 
num garnet powder observed in Example 16, 

Fig. 15 is a scanning electron microscopic photograph (x 4250) showing a particle structure of an oxide powder 
observed in Comparative Example 5, 

Fig. 16 is a scanning electron microscopic photograph (x 425) showing a particle structure of an yttrium-iron garnet 
powder observed in Example 17, 

Fig. 17 is a scanning electron microscopic photograph (x 1720) showing a particle structure of an oxide powder 
observed in Comparative Example 6, 

Fig. 18 is a scanning electron microscopic photograph (x 850) showing a particle structure of a gadolinium-iron gar- 
net powder observed in Example 18, 

Fig. 19 is a scanning electron microscopic photograph (x 4250) showing a particle structure of an oxide powder 
observed in Comparative Example 7, 

Fig. 20 is a scanning electron microscopic photograph (x 8500) showing a particle structure of a powder of a solid 
solution of yttrium oxide and zirconium oxide observed in Example 20. and 

Fig. 21 is a scanning electron microscopic photograph (x 4250) showing a particle structure of a powder of a solid 
solution of yttrium oxide and zirconium oxide observed in Comparative Example 9. 

DETAILED DESCRIPTION OF THE INVENTION 



The present invention will be explained in detail. 
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™ IHV^T, meta ' ° XidG POWder 01 * e present comprises at least two metal elements and is a com- 

K^^^Tm^. 2S ^JS S Jf nd ^ 71,6 Qxide «^sing at least two metal 

dements includes a metal oxde sold soluton powder containing at least two compounds each comprising a metal ele- 
ment and oxygen in a solid solution state. 

Ttie method of the present invention produces a complex metal oxide by calcining a mixture of at least two metal 

^l 0 ^ 6 P""* 1 * or a metai oxide precursor comprising at least So SSZ 

merits in the presmce a absence of a seed crystal in an atmosphere containing at least one gas selected from the 

n^rSSa 3 hydm9en haWe - (2) 3 from a moLlar halogen^nd steamaTI^a 

nr JS^!^^ 6 ^ 0 ^ 6 fXmie ' COmprisin9 « 'east two metal elements is produced by the method of the 
ZZ^ZZZT' 3 mU<tUre * at 1 teast twometa)£Kk,e Powers and/or metal oxide precursor powders, or a metal oxide 
precursor powder comprsing at least two metal elements is used as a raw material powder 

^T™** 1 precu [ 80r is tended to mean a material which gives the metal oxide consisting of at least one 

^tiT^^°T^J! decomposition reacBon w 30 Nation reaction in calcination, and includes, for exam- 
pie, metal hydroxides, hydrated metal oxides, metal oxyhydroxide. metal oxyhaHdes, and so on 

. ift^J^*" 0 " may be used in the present invention is intended to mean a crystal which functions as a grow- 

£*L*Jl^t 9TC T ? the mete) OXide Around me seed "V^- «he metal oxide grows. Any seed crystal can 

pTodS fe^efentd UnCb0n ' eXaiT ' P,e ' thS GOmp,eX ^e or the metal oxide solid solution, as the 

™"*!!l m 00 a JT anner for a*«ng seed crystal to the raw material powder. For example, a mixing 

manner such as ball miffing, ultrasonic dispersing, and the like can be used 

thp ^i^T ^ ,eaSt IWO ^ OXWe P ° wde,S ^ metal oxWe precursor powder disclosed as the raw materials. 

^^ re °^T der ? OTiprisin9 31 ,east **> rnetel events disclosed as the raw material, and those raw 
matenals to writhe seed crystal is added are generally named as the raw material metal oxide powder 

comoS S^S S* m least two metal elements according to the present invention is a 

°° mpl8X ™^, 0 » d e which compnses at least two metal elements except a combination of only alkali metals, and oxy- 

in?^ 6 f T m "*** * ,eaSl COmp ° Unds M * « metal element aSScygen aTe 

^J^l so,ut,on state. An example of such complex metal oxide powder is a complex metal oxide having a 
gamet structure represented by the formula: 

(MAhCwiBJsKMcP.Js (l) 

wherein M^ M B and M c are the same or different and each represent at least one metal element, provided that all of 
M A , M B and Mc are not the same metal element. 
35 In the formula (Q, specifically, Ma is at least one element selected from the group consisting of copper magnesium 

^iSuTS^ ^? e,ement Se,eCted fr0m fte * 2inc - aluminum, gal 

hum. iridium, trtamum. zirconium, silicon, germanium, tin. vanadium, chromium, manganese, iron, cobalt and nickel 

40 Mc. S ° me C3SeS ' COmP ° UndS 00 ™* have the garnet structure due to ionic radii of the metal elements M A . M B and 

^mSu ^t?SSHI ,er If/ 8 exe ^ pB,ied aluminum garnets such as a complex metal oxide of the above formula in 
22 u ^^ eXample : y * , r- a«l M B and Mc are both aluminum; yttrium-aluminum gamet of the above formula in 
which M A is yttrium a part of which is replaced by other rare earth elements), and Mb and Mc are both aluminum- dvs- 
^ prosiunvaluminum garnet of the above formula in which M A is dysprcZ?and M B and ife „ ^wZm^X* 

in wST" ^STSS^ h ™f m( * *** ^ yttriurtHron garnet as a complex metal oxide of the above formula 
1JT^^ A l^Tt a"d ^ and Mc are both iron; gadofinium-iron or dysprosium-iron gamet as a complex metal 
oxide of the above formula in which M A is gadolinium or dysprosium and Mb and Mc are both iron- eta 

50 may D^SffieT" 161 * *" **" *** M *' * "* ^ C ° nSiSfe °* at metal elements 

In the method of the present invention, the raw material metal oxide powder is not limited, and the powder produced 
5ur2 ^ZTST* ^ example, the meta. oxide powder or metal oxide precu^ p^£ 

m^ Coe^T^ ' ° f ^ ° Xide ^ produced * the 9aa ^e method or me soW ptL 

55 , JlT* ?f 9 [ l !' nV ? tf0a the ra " f mete ' ®*le powder is calcined in the atmosphere gas containing at least 

™'^!£S5L 'aast 5 vol. %. more preferably at least 10 vol. % of the hydrogeSe lised on the who.eS 
ume of the atmosphere gas. 

As the hydrogen halide. hydrogen chloride, hydrogen bromide, hydrogen iodide and hydrogen fluoride are used 
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independently or as a mixture of two or more of them. Preferably, hydrogen chloride, hydrogen bromine and hydrogen 
iodide are used. 

As a component of the atmosphere gas other than the hydrogen halide, that is, a diluent gas, nitrogen, inert gas 
such as argon, hydrogen, steam or an air can be used. 
5 A pressure of the atmosphere gas containing the hydrogen halide is not limited, and selected from a pressure 
range which is industrially used. 

It is possible to carry out the calcination in the atmosphere gas containing a component prepared from the molec- 
ular halogen and steam, in place of the hydrogen halide. 

As the molecular halogen, at least one of molecular chlorine, bromine, iodine and fluorine is used. Preferably, chic- 
10 rine, bromine and iodine are used. 

The component gas is prepared from at least 1 vol. %, preferably at least 5 vol. %. more preferably at least 10 vol. 
% of the molecular halogen and at least 0.1 vol. %, preferably at least 1 vol. %, more preferably at least 5 vol. % of the 
steam, both based on the whole volume of the atmosphere gas. 

In place of the hydrogen halide, the molecular halogen may be used. The raw material metal oxide powder is cal- 
ls cined in the atmosphere gas containing at least 1 vol. %, preferably at least 5 vol. %, more preferably at least 10 vol. % 
of the molecular halogen based on the whole volume of the atmosphere gas. As the molecular halogen, at least one of 
molecular chlorine, bromine and iodine can be used. 

As a component of the atmosphere gas other than the component prepared from the molecular halogen and 
steam, or the molecular halogen, that is, a diluent gas, nitrogen, inert gas such as argon, hydrogen, steam or an air can 
20 be used. 

A pressure in the reaction system is not limited, and freely selected from a pressure range which is industrially 
used. 

A manner for supplying the atmosphere gas is not critical insofar as the atmosphere gas can be supplied to the 
reaction system in which the raw material metal oxide powder is present 
25 A source of each component of the atmosphere gas and a manner for supplying each component are not critical 
either. 

For example, as the source of each component of the atmosphere gas, a gas in a bomb can be used. Alternatively, 
it is possible to prepare the atmosphere gas comprising the hydrogen halide or the molecular halogen using the evap- 
oration or decomposition of a halogen compound such as an ammonium haDde, or a halogen-containing polymer such 
30 as a vinyl chloride polymer. The atmosphere gas may be prepared by calcining a mixture of the raw material metal oxide 
and the halogen compound or halogen-containing polymer in a calcination furnace. 

The hydrogen halide and the molecular halogen are preferably supplied from the bomb directly in the calcination 
furnace in view of the operabilrty. The atmosphere gas may be supplied in a continuous manner or a batch manner. 

According to the present invention, when the raw material metal oxide powder is calcined in the above atmosphere 
55 gas, the metal oxide grows at a site where the raw material metal oxide powder is present through the reaction between 
the raw material metal oxide powder and the atmosphere gas, so that the metal oxide powder having the narrow particle 
size distrfcution, but not agglomerated particles, is generated. Accordingly, the desired metal oxide powder can be 
obtained, for example, by simply filling the raw material metal oxide powder in a vessel and calcining it in the atmos- 
phere gas. 

40 As the raw material metal oxide powder to be used in the present invention, any material which is in a powder form 
may be used, and a bulk density of the powder is preferably at least 40 % or less based on a theoretical density. When 
a molded material having the bulk density exceeding 40 % based on the theoretical density is calcined, a sintering reac- 
tion proceeds in the calcination step, whereby grinding is necessitated to obtain the complex metal oxide powder, and 
the metal oxide powder having the narrow particle size distribution may not be obtained in some cases. 

45 A suitable calcination temperature is not necessarily critical since it depends on the kind of the intended complex 
metal oxide, the kinds and concentrations of the hydrogen halide, the molecular halogen and the component prepared 
from the molecular halogen and steam, or the calcination time. It is preferably from 500 to 1 500°C, more preferably from 
600 to 1400°C. When the calcination time is lower than 500°C, it may be difficult to obtain the intended complex metal 
oxide comprising at least two metal elements, and a long time is necessary for calcination. When the calcination tem- 

50 perature exceeds 1500°C, many agglomerated particles tend to be contained in the produced complex metal oxide 
powder. 

A suitable calcination time is not necessarily critical since it depends on the kind of the intended complex metal 
oxide, the kinds and concentrations of the hydrogen halide. the molecular halogen and the component prepared from 
the molecular halogen and steam, or the calcination temperature. It is preferably at least 1 minute, more preferably at 
55 least 10 minutes, and selected from a range in which the intended metal oxide powder is obtained. As the calcination 
temperature is higher, the calcination time is shorter. 

When the raw material metal oxide powder containing the seed crystal is calcined, the calcination temperature can 
be lower and the calcination time can be shorter than those when no seed crystal is used, since the metal oxide grows 
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around the seed crystals as the growing sites. 

fnJ? 6 a ^ dna ?°" apparatus fe 001 ,imited - a so-called calcination furnace may be used. The calcination 
furnace is preferably made of a material which is not corroded by the hydrogen halide or the halogen artMaSv 
comprises a mechanism for adjusting the atmosphere naiogen. ana preferably 

5 BrJ^^tnTZ £ ^« «» »e molecuter halogen is used, the cafoinafon furnace is pref- 
erably an airtght one. In the industrial production, preferably the calcination is carried out continuously and a tunnel 
furnace, a rotary kiln, or a pusher furnace can be used. uay ' 8011 a tunnel 

„, a ^!, Ve !f inthe Cateina,ion ^ « which the raw material metal oxide powder is filled, preferably a crucible 

- re^Te^T^ 

h r^LT 6 "J" ""J am ° Unt * ^ ^ exarSTwhen Ja^m aTthetStS 

,s a ^^ote^e t uS 1?^^ "S"^ ^ ^ * dGCreased ™en the seed crystal SS, 
^tfTT f iff 1 ''^ P^ 018 8128 <* Produced complex metal oxide powder is decreased 
By the above descrfoed method, as shown in the attached photographs the comolex metal oririo n«u»w ^™ 
mgat least two mete, elements which is not agglomerated paS^S^^^^^^Z 
uniform particle size can be obtained, and the particle size can be controlled o*Mx*on and 

» th ^ COr ?' eX ^ ™ dB P0wder 1)6 a99tomerated particles or contain agglomerated particles a 

SSSSTS the met£U oxkle p ~* r ^ - 

remainTn^r^r;^^^ 6 Pf ° d , UCli0n COndWOftS> 9 ^o*** or an unreacted raw materia, oxide may 
EEZI^tS^?? H** COmprfe)ng * least two metal elements. In such case, its renS 

* Z ^S^^^TJ^^^ metel °"' de ran te P"*""* by the suitable selection of the reac- 

- con condrbons, or separation of the by-product or the unreacted raw material by, for examole siirctewashmo 

isr^^?^^ 

o tfon ^ P ° Wd !^ ned * the method 01 * e P"* 8 * invention has. as the particle size distribu- 

Son ^£^£SZ!^SS 5 W ^ D " and are particle sizes at 10 iand 90 % SET 

W^^^Z !^!^ Part,de 8,26 " d8 m a PartWe size curve of the particles. 

m ™*™ Parhde s^e dBtribubon ,s measured by a centrifugal sedimentation method or a laseTdiffraction scattering 
method, tt* obtained value is a particle size distribution of the agglomerated particles. When the paS^Sb? 

S ^asured ******* is narrow but the powder contains the a^lomerated parses. 12^^ 
™? J? ^ P °"" der iS 001 SUitable 35 3,1 industrial ™ material In the pre^^entioT^TcSenrS 

microscopic photograph, and the obtained value is compared with an agglomerated particle size, that is a particle size 
at 50 % accumulation in a cumulative particle size curve of the parfdesfDso) 
, ^JJf*^ 68 * aOT'omeration is evaluated by a ratio of the agglomerated particle size to the primary particle 

Powdr^a^ex^s i fif? ST*? "V"* 513,6 C ° ntartn9 "° aogX-erated partide.^me'aS 
powder, this ratio exceeds 1. When this ratio is 6 or less, the powder can be preferably used as the industrial raw mate- 

«JZ?0£Z ^ p0Wder 0btained ^ ** n^lbod of the present invention has the ratio of the agglomerated 
, — 10 *• ^ 8128 * P"**** from 1 to 6. more preferably from 1 to 3. a^SSSSSi 

r^S^r, 6 ^^,^ metal ^ e P™** 01 present inv8nfcn »»s a polyhedral form having at least 6 
planes. The number of the planes is usually from 6 to 60. preferably from 6 to 30 U 

Concrete examples of the complex metal oxide powder of the present invention will be explained 
The yttnum-alummurn garnet powder of the present invention is a mass of particles contfL.no the rnwrier an H 
charactenzed in that their shape and particle size are uniform. The ^te^Z^^^^^t 
pt^ea Depending onthe raw material to be used and the calcination wS^cSe foSeS 

ZZZtetl"**""* ShaPeShaVinS8tleaS,8p,aneS ^ « <**» *> sph^es S^I unSmC 

in thTs^rarS.^r^S f^S!! * e *»»H*»*™ 9^ powder of the present invention are 
^^to^2S^2tS^ the ranfle b6tween about Urn and several hundred urn. This 

SoTC^te^. ° ,,heraW ma,ena ' ^ ^ the above described 

As the raw material powder for the production of single crystal . one having a larger particle size is suitable. For this 
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purpose, yttrium-aluminum garnet comprising particles having a particle size of at least 20 urn, more preferably at least 
about 50 um can be used. That is, the above described method can produce yttrium-aluminum garnet powder having 
a relatively targe average particle size suitable for the production of single crystal, in an industrially advantageous proc- 
ess. 

5 According to the present invention, the yttrium-aluminum garnet powder having, as the particle size distribution, the 
Dsq/Dh) ratio of 10 or less, preferably 5 or less is readily produced. Further, the garnet powder having the ratio of the 
agglomerated particle size to the primary particle size of preferably 1 to 3. more preferably 1 to 2 is easily obtained. 

Accordingly, the yttrium-aluminum garnet powder of the present invention is suitable for a fluorescent substance 
properties of which are influenced by the particle size, uniformity and dispersibiTrty of the raw material. 

w The iron garnet powder such as yttrium-iron and gadolinium-iron garnet powder of the present invention is a mass 
of particles constituting the powder, and characterized in that their shape and particle size are uniform. 

The shape is a polyhedral shape having at least 8 planes. Its particle size and particle size distribution are in the 
specific ranges. The particle size is controlled in the range between about 1 Jim and several hundred jim. This control 
can be achieved by the selection of the raw material and the calcination conditions of the above described method of 

is the present invention. 

According to the present invention, the iron garnet powder having, as the particle size distribution, the D 90 /D 10 ratio 
of 10 or less, preferably 5 or less is readily produced. Further, the garnet powder having the ratio of the agglomerated 
particle size to the primary particle size of preferably 1 to 3, more preferably 1 to 2 is easily obtained. 

The solid solution powder of yttrium oxide and zirconium oxide is a mass of particles constituting the powder, and 
20 characterized in that their shape and particle size are uniform. The shape is a polyhedral shape having at least 8 
planes. Its particle size and particle size distrfoution are in the specific ranges. The particle size is controlled in the 
range between about 0.1 jim and several ten jim. This control can be achieved by the selection of the raw material and 
the calcination conditions of the above described method of the present invention. 

According to the present invention, it is possible to obtain the various complex metal oxide powders each compris- 
es ing at least two metal elements, which are not agglomerated particles but have the narrow particle distribution that can- 
not be hitherto achieved. 

The obtained complex metal oxide powder comprising at least two metal elements is a mass of the uniform poly- 
hedral particles, and can be used in the variety of applications such as the raw materials of the metal oxide base ceram- 
ics which are used as the functional material or the structural material, as the f flier, abrasive or pigment, or the raw 
30 material powder for the production of a single crystal or for flame spray coating. By the selection of the particle size and 
amount of the seed crystal, the complex metal oxide having the above properties and the arbitrarily controlled particle 
size can be obtained. 

Examples 

35 

Hereinafter, the present invention will be explained in detail by examples, which do not limit the scope of the present 
invention in any way. 

The measurements in the examples were carried out as follows: 

40 1. Number average particle size of metal oxide powder 

A scanning electron microscopic photograph of a metal oxide powder was taken using an electron microscope (T- 
300 manufactured by Nippon Electron Co., Ltd.). From the photograph, 80 to 100 particles were selected and image 
analyzed to calculate an average value of equivalent circle diameters of the particles and the distribution. The equrva- 
45 lent circle diameter is a diameter of a circle having the same area as that of each particle in the photograph. 

2. Particle size distribution of metal oxide powder 

The particle size distribution was measured using a master sizer (manufactured by Malvern Instrument. Inc.) or a 
so laser diffraction type particle size distribution analyzer (SALD-1 1 00 manufactured by Shimadzu Corporation). 

The metal oxide powder was dispersed in an aqueous solution of polyammonium acrylate or a 50 wt % aqueous 
solution of glycerol, and particle sizes at 10 %, 50 % and 90 % accumulation, respectively from the smallest particle 
size side in a cumulative particle size curve of the particles were measured as the D 10 , D50 and D90. The D50 was used 
as the agglomerated particle size, and the Dgo/D 10 ratio was calculated as the criterion of the particle size Distribution. 

55 

3. Crystal phase of metal oxide powder 

The crystal phase of the metal oxide powder was measured by the X-ray diffraction method (RAD-C manufactured 
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by Rigaku Ca, Ltd.) 

4. BET specific surface area of metal oxide powder 

jfcs) A BET specHic surtace area of a metal oxide powder was measured by FLOWSORB-II (manufactured by Micromel- 

5. Analysis of composition of metal oxide powder 

tion J *r^ XW ! P0Wd w is dissolved in, tor example, a mixed acid of phosphoric acid/sulfuric acid, and a composi- 
tion* the metal oxide powder ,s analyzed using an inductivefy coupled plasma apparatus SPS 1200-VR nJS 

aJ^^^**"** 91 *' b ° mb hydr0flen Chtoride 999 %> supplied by Tsurumi Soda Ca. Ltd or a 
SZS"S ™ ^ 2"» JUNYAKU ' ^ &ade ChemicaTwas used. Whence decT 

posrbon gas of ammon.um chloride was used, sublimation gas of ammonium chloride prepared by healing amrnorZi 
chlonde at a temperature higher than its sublimation point was introduced in the fumacemufte to pCXZSmT 
phere gas. Ammonium chloride was completely decomposed at 1 100-C to provide a fl^S^f^ 
hydrogen chlonde gas. 17 vol. % of nitrogen gas and 50 vol. % of hydrogen gas. «™ng voL%of 

U ** ^ Chlorine 935 G** 1 * 99 4 % ) sWied by Fujimoto Industries. Co.. Ltd.) was used 

as the hydrogen brorrade gas. a decomposition gas of ammonium bromide (WAKO JUNYAKU Soecial Grade 

2E2 T Sub ' ima,i0n 935 * B,nmonium bromide P™*"* * »«*« ammonium bri at a^SS 
higher than its subhmabon point was introduced in the furnace muffle to prepare the atmosphere gas. A^nUbT 

cal) wts^SSS ^ ^T^-^f 5 01 amm0riU,n i0dide ^ AKO JUNYAKU, Special Grade Chemi- 
Sn^fc^. ! 888 " ammonujm ,odde P"*>ared by heating ammonium iodide at a temperature higher 

c^rd'Sm^J^nn^^ 6 ^ * ^ *• Amn^ZSe^ 

100»C to provxte a gas consisting of 25 vol. % of hydrogen iodide gas. 1 6 vol. % of nitrogen 

£^22E22ZF 6V0,%0f i0dine <'• « is formed by the decomposition of hydrogen iodxT 
The raw matenal metal oxxJe power was charged in an alumina or platinum vessel. When the haloo^oaTwas 
used me powder was charged in the alumina vessel. The depth of the filled powder was 5mT 

bv M^Sr^rf^f ^ h ' CySndriCal furnace having a quartz muffle or an alumina muffle (manufactured 
?2SKT ^ J^ ) u Wilh f ^"9 air or nitrogen gas. the temperature was raised at a heating rate of from 3O0°C/n7 
to^Ohr.. and when the temperature reached an atmosphere gas induction temperature. tne atmosphere gl was 

. ^l^T tratiCn * *° atmOSphefe 9as "a* ***** by controlling gas flow rates by flow meters. The flow rate 
£5 ^tn^ni:?^ * * ^ " *> ^ *"* • °» » e ^ere ^s^ 

a nr^lll^^^! 3 * 6 !*! 6 Pf*"*"* temperature, the powder was maintained at that temperature for 
■rSS^- P S^tin^ y * r6fe,red to 85 and 
^After the predetermined maintaining time, the powder was spontaneousty cooled to obtain the intended metal oxide 

™l ^*"* Un °* SU ^Lr^ adjU * ed * the Chan9e 01 sa « urated ^assure depending on water tem- 
perature, and the steam was introduced in the furnace with an air or the nitrogen gas. Further^ettte are seen into 



Example 1 



Co HSr' 6 ' ^ * " 9 % ' andaCentef P«**» size of 0.4 urn. Manufactured by Nippon Yttrium 
Co., Ltd.) (3387 g) and gamma aluminum oxide (AKP-G15 manufactured by Sumitomo Chemical Co LWH2 683 a) 

SrZSH UNY TS Qrade Chem^al) (100 g) and stirred for lOmi^i^ 
peraon by the apphcabon of ultrasonic wave, followed by removal of isopropanol by an evaporator and a vacuum drver 

whi.^^ e tKl WaS P 18 ^ I" ^ quartz muff le. and heated from room temperature at a heating rate of 300'C/hr 

w^fchZ^o 31 3 T VetoCfty * 20 mm/min - ^ Mature reached WC. the n^engas 

was changed to an atmosphere gas of 1 00 vol. % hydrogen chloride. Witoftowing this atmosphere gas at alined veto? 
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ity of 20 mm/min., the powder was calcined at 1100°C for 60 minutes, followed by spontaneous cooling to obtain an 
yttrium-aluminum garnet powder. The weight of the powder in the platinum vessel after calcination was 86 % of that of 
the powder before calcination. 

The obtained powder was the yttrium-aluminum garnet represented by Y3AI5O12 according to the result of the X- 

5 ray diffraction analysis, and no other peak was observed. According to the observation by the scanning electron micro- 
scope, the yttrium-aluminum garnet oxide consisted of polyhedral particles having at least 8 planes, and had the 
number average particle size of 40 urn. The agglomerated particle size (D50) according to the particle size distribution 
measurement was 52 (im, and the D9</D 10 ratio was 2, which indicated the narrow particle size distribution. The ratio 
of the agglomerated particle size to the number average particle size was 1 .3. The results are shown in Table 1 . An 

10 electron microscopic photograph of the obtained powder is shown in Fig. 1 , the particle size distribution is shown in Fig . 
2, and the X-ray diffraction pattern is shown in Fig. 3. 

Example 2 

15 In the same manner as in Example 1 except that alpha aluminum oxide (AKP-50 manufactured by Sumitomo 
Chemical Co., Ltd.) (2.549 g) was used in place of the gamma aluminum oxide, a mixed powder of yttrium oxide and 
aluminum oxide was obtained. A bulk density of this powder was 1 7 % of the theoretical value. 

Thereafter, in the same manner as in Example 1, yttrium-aluminum garnet powder was obtained. 

The obtained powder was the yttrium-aluminum garnet represented by Y^AIsO^ according to the result of the X- 

20 ray diffraction analysis, and no other peak was observed. According to the observation by the scanning electron micro- 
scope, the yttrium-aluminum garnet oxide consisted of polyhedral particles having a cubic shape or a cubic shape with 
comers which were truncated, and had the number average particle size of 38 urn The agglomerated particle size 
(D50) according to the particle size distribution measurement was 47 |im, and the D9o/D 10 ratio was 3, which indicated 
the narrow particle size distribution. The ratio of the agglomerated particle size to the number average particle size was 

25 1 .2. The results are shown in Table 1 . An electron microscopic photograph of the obtained powder is shown in Fig. 4, 
the particle size distribution is shown in Fig. 5, and the X-ray diffraction pattern is shown in Fig. 6. 

Examples 

30 In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of chlorine, 10 vd. % 
of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the 
yttrium-aluminum garnet powder was obtained. The results are shown in Table 1 . 

Example 4 

35 

In the same manner as in Example 1 except that an atmosphere gas of 1 00 vol. % of chlorine was used in place of 
the atmosphere gas of 100 vol. % hydrogen chloride, and the calcination temperature was changed to 1 150°C, the 
yttrium-aluminum garnet powder was obtained. An electron microscopic photograph of the obtained powder is shown 
in Fig. 7. The results are shewn in Table 1 . 

40 

Ex ample § 

The mixed powder of yttrium oxide and aluminum oxide which was used as the raw material in Example 1 was cal- 
cined at 1200°C for 3 hours to obtain a seed crystal. According to the X-ray diffraction analysis, this seed crystal 
45 showed peaks assigned to YAIO3, Y4AI2O9, Y2O3, AI2O3, etc. in addition to the peaks assigned to yttrium-aluminum 
garnet represented by Y^AI^)^. 

This seed crystal was added in an amount of 3 wt % to the mixed powder of yttrium oxide and aluminum oxide 
which was used as the raw material in Example 1 to obtain the raw material powder containing the seed crystal. The 
addition manner comprised dispersing the raw material powder and the seed crystal by ultrasonic wave in isopropanol 
so to prepare a slurry and drying the slurry with an evaporator and a vacuum drier. 

In the same manner as in Example 1 except that the above raw material powder containing the seed crystal was 
used, the yttrium-aluminum garnet powder was obtained. 

The obtained powder was the yttrium-aluminum garnet represented by Y 3 AJ 5 0 12 according to the X-ray diffraction 
analysis, and no other peak was observed. The results are shown in Table 1 . An electron microscopic photograph of 
55 the obtained powder is shown in Fig. 8. 
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Example 6 

The mixed powder of yttrium oxide and aluminum oxide which was used as the raw material in Example 1 was cal- 
cined at 1400°C for 3 hours to obtain a seed crystal. According to the X-ray diffraction analysis, this seed crystal 
shewed peaks assigned to Y2O3, AI2O3, etc. in addition to the peaks assigned to yttrium-aluminum garnet represented 
byY 3 Al50 12 . y ^ 

In the same manner as in Example 5 except that the above seed crystal was used, the yttrium-aluminum garnet 
powder was obtained. The results are shown in Table 1 . An electron microscopic photograph of the obtained powder is 
shown in Fig. 9. 

Example 7 

An yttrium oxide powder (Manufactured by Nippon Yttrium Co., Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 jim) (3.387 g) and aluminum oxide (AKP-G15, gamma aluminum oxide manufactured by Sumitomo Chemical 
Co., Ltd. Purity of 99.99 %) (2.952 g) were charged in isopropanol (100 g) and wet mixed, followed by removal of iso- 
propanol to obtain a mixed powder of yttrium oxide and aluminum oxide (A ratio of Y:AI = 3:5.5). This powder was used 
as a raw material powder. 

This powder was charged in a platinum vessel, placed in the quartz muffle, and heated from room temperature at 
a heating rate of 300°C/hr. while flowing the nitrogen gas at a linear velocity of 20 mm/rnin. When the temperature 
reached 400°C, the nitrogen gas was changed to an atmosphere gas of 10 vol. % of hydrogen chloride and 90 vol. % 
of nitrogen. With this atmosphere gas flowing at a linear velocity of 20 mm/min., the powder was calcined at 1 1 00°C for 
60 minutes, followed by spontaneous cooling to obtain an yttrium-aluminum garnet powder. The results are shown in 
Table 1. 

Example 8 

In the same manner as in Example 1 except that the same raw material mixed powder was calcined at 900°C, the 
yttrium-aluminum garnet powder was obtained. According to the X-ray diffraction analysis, it was confirmed that the 
obtained powder was a single phase of yttrium-aluminum garnet The results are shown in Table 1. 

Example 9 

The mixed powder of yttrium oxide and aluminum oxide as used in Example 2 was precalcined at 1200°C in an air 
for 3 hours. According to the X-ray diffraction analysis, the calcined powder showed peaks assigned to YAIO3, Y^AfeC^, 
Y2O3, AJ2O3, etc .in adefition to the peaks assigned to yttoum^uminum garnet represented by Y 3 AI 5 0 12 . 

The calcined powder contained partly formed yttrium-aluminum garnet, that is, a seed crystal of yttrium-aluminum 
garnet 

In the same manner as in Example 1 except that the above powder was used as the raw material powder, the 
yttrium-aluminum garnet powder was obtained. According to the X-ray diffraction analysis, the obtained powder was a 
single phase of the yttrium-aluminum garnet According to the observation by the scanning electron microscope, the 
yttrium-aluminum garnet oxide consisted of polyhedral particles having a cubic shape or a cubic shape corners of which 
were truncated. The results are shown in Table 1 . 

Example 10 

The raw material powder as used in Example 7 was filled in the alumina vessel, placed in the quartz muffle, and 
heated at a heating rate of 300°C/hr. When the temperature reached 400°C. a sublimation decomposition gas of ammo- 
nium bromide was introduced in the muffle, and in this decomposition gas atmosphere, the powder was calcined at 
1 100°C for 60 minutes, followed by spontaneous cooling to obtain the yttrium-aluminum garnet powder. The compo- 
nents of the decomposed gas of ammonium bromide at 1 1 00*C were hydrogen bromide gas, nitrogen and hydrogen in 
a volume ratio of 33 : 17 : 50. 

Fig. 8 is the electron microscopic photograph showing the particle structure of the obtained powder. According to 
the X-ray diffraction analysis, it was confirmed that the powder was a single phase of yttrium-aluminum garnet The 
results are shown in Table 1. 
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Example 11 



of n TJSTa^ (Manufactured ^ Yttrium Ca, Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 jirn) (6.436 g), a terbium oxide powder (Manufactured by Kanto Chemical Co., Ltd. Purity of 99.95 %) (0 561 g) 

^^w^^ 0 ^ 6 T*™ (AKP " G15 ' 9amma alumlna "^^ed by Sumitomo Chemical Ca, LW. Purr? 
„ ^^ 90 t 9) ^°**?ed m isoprcpanol (100 g) and wet mixed, followed by removal of feopropand to obtain a 
so mixed powder of a raw material mixed powder in which 5 atomic % of yttrium was replaced by te^unT 

In the same manner as in Example 1 except that this raw material mixed powder was used, a terbium-substituted 

yttrium-aluminum garnet powder was obtained. 

. im ACC ° rdinfl * *? diffraction ana W* * « conf irmed that the obtained powder was a single phase of yttrium- 

55 ct^Z ^l^^l *" ****** ^ anal ^ * ™ •«* thTprcSLd rJS 

55 contained 3.2 atomic % of terbium. The results are shown in Table 2. f ^ 
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Example 12 

In the same manner as in Example 1 1 except that a dysprosium oxide powder (Manufactured by Nippon Yttrium 
Co., Ltd. Purity of 99.99 %) (0.5595 g) was used in place of the terbium oxide powder, the raw materia] mixed powder 
5 in which 5 atomic % of yttrium was replaced by dysprosium was prepared. 

In the same manner as in Example 1 except that the above raw material mixed powder was used, the dysprosium- 
replaced yttrium-aluminum garnet was obtained. 

Fig. 1 1 is the electron microscopic photograph showing the structure of the obtained powder. 
According to the X-ray diffraction analysis, it was confirmed that the obtained powder was a single phase of yttrium- 
io aluminum garnet According to the inductively coupled plasma analysis, it was confirmed that the produced particles 
contained 4.5 atomic % of dysprosium. The results are shown in Table 2. 

Example 13 

15 An yttrium oxide powder (Manufactured by Nippon Yttrium Co.. Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 jim) (4.968 g) and an aluminum oxide powder (AKP-G1 5, gamma alumina manufactured by Sumitomo Chemical 
Co., Ltd. Purity 99.99 %) (1 .181 g) were charged in isopropanol (100 g) and wet mixed, followed by removal of iscpro- 
panol to obtain a mixed powder of a raw material mixed powder (Mixed ratio of Y:Ai = 3:1 .5). In the same manner as in 
Example 1 except that this raw material mixed powder was used, the raw material powder was calcined. 

20 The obtained power comprised the polyhedral particles and a by-product. According to the X-ray diffraction analy- 
sis, it was conf irmed that the polyhedral particles were yttrium-aluminum garnet and the by-product was yttrium oxy- 
chloride (YOCI). YOCJ was easily removed by washing, and yttriunvalurrtinum garnet was selected. The results are 
shown in Table 2. 

25 Example 14 

An yttrium oxide powder (Manufactured by Nippon Yttrium Co., Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 urn) (2.936 g) and an aluminum oxide powder (AKP-G15, gamma alumina manufactured by Sumitomo Chemical 
Co., Ltd. Purity 99.99 %) (3.256 g) were charged in isopropanol (100 g) and wet mixed, followed by removal of isopro- 
30 panol to obtain a mixed powder of yttrium oxide and aluminum oxide (Mixed ratio of Y: Al = 3:7) as a raw material pow- 
der. In the same manner as in Example 1 except that this raw material mixed powder was used, the raw material powder 
was calcined. 

The obtained power comprised the polyhedral particles and particles having relatively small particle sizes. Accord- 
ing to the X-ray diffraction analysis, it was confirmed that the polyhedral particles were yttrium-aluminum garnet and the 
35 small size particles were C1-AJ2O3. (Z-AI2O3 was removed by sieving, and yttrium-aluminum garnet was selected. The 
results are shown in Table 2. 

Example 15 

40 The raw material powder as used in Example 1 was charged in the platinum vessel, placed in the quartz muffle, 
and heated at a heating rate of 300°C/hr. When the temperature reached 400°C, a sublimation decomposition gas of 
ammonium iodide was introduced in the muffle, and in this decomposition gas atmosphere, the powder was calcined at 
1200°C for 60 minutes, followed by spontaneous cooling to obtain the yttrium-aluminum garnet powder. The compo- 
nents of the decomposed gas of ammonium iodide at 1 200°C were hydrogen iodide gas, iodine, nitrogen and hydrogen 

45 in a volume ratio of 25:6: 1 6:52. 

According to the X-ray diffraction analysis, it was confirmed that the obtained powder was a single phase of yttrium- 
aluminum garnet The results are shown in Table 2. 

Comparative Examples 1 and 2 

so 

The mixed powder of yttrium oxide and aluminum oxide as used in each of Examples 1 and 2 was calcined in an 
air at 1200°C for 3 hours to obtain the respective oxide powder. 

According to the X-ray diffraction analysis of the oxide powder, the oxide powder showed peaks assigned to YAIO3, 
Y4AI2O9, Y2O3, AI2O3, etc. in adoption to the peaks assigned to yttrium-aluminum garnet represented by Y 3 Al50 12 - 
55 According to the observation by the scanning electron microscope, no polyhedral particle was formed, and the particles 
had irregular shapes and were in the agglomerated state. 

The powder of Comparative Example 1 had the number average particle size of 0.2 nm. The agglomerated particle 
size (D50) according to the particle size distribution measurement was 4 (im, and the Dgg/D^ ratio was 15, which indi- 
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w 



cated the broad particle size distribution. A ratio of the agglomerated particle size to the number average particle size 
was 20. 

The results are shown in Table 2. The scanning electron microscopic photograph of the powder obtained in Com- 
parative Example 1 is shown in Fig. 12. The particle size distrfoution of the powder obtained in Comparative Example 
2 is shown in Fig. 13. 

Comparative Example 3 

The raw material mixed powder as used in Example 1 was calcined in the air at 1400°C. According to the X-ray dif- 
fraction analysis, the obtained powder comprised yttrium-aluminum garnet as the main phase, but YAlOg, a-AMD. and 
« W !? observed - The aysta t 9 rowtn not dear, the particles had irregular shapes and were in the agglomerated 
state, and no yttrium-aluminum garnet having a uniform particle size was formed. The results are shown in Table 2 



75 



20 



In the same manner as in Example 6 except that an atmosphere gas of 1 00 vol. % air was supplied from the room 
tOTperature in place of the atmosphere gas of 100 vol. % hydrogen chloride, the raw material powder was calcined to 
obtain the oxide powder. 



According to the X-ray diffraction analysis, the obtained powder showed peaks assigned to YAIO3 Y4AI209 Y0O3 
AI2Q3, etc. in addition to the peaks assigned to yttrium-aluminum garnet represented by Y 3 AI 5 0 12 . According' to the 
observation by the scanning electron microscope, no polyhedral particle was formed, and the particles had irregular 
shapes and were in the agglomerated state. The results are shown in Table 2 
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45 Example 16 



50 



55 



*^°*r 050de P™*" (P"ri«y °« 99-99 %. Manufactured by Nippon Yttrium Ca, Ltd.) and gamma aluminum 
owde (AKP-G15 manufactured by Sumitomo Chemical Co. Ltd.) were weighed so that a molar ratio of dysprosium to 
^num was ,3:5, graced in isopropanol (WAKO JUNYAKU. Spedal Grade Chemical) with dispersing the powders 

X £? !S Ca ^"° f UltraSOUnd ' followed remo ^ - isopropanol by an evaporator and a vacuumdryer to obton a 
mixed, powder of dysprosium oxide and aluminum oxide. This powder was charged in a platinum vessel 

Then. «he powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 300»C/hr 
whaeflowing the nitrogen gas at a linear velocity of 20 mrrvmin. When the temperature reached 400°C. the nitrogen gas 
'"T^f* 935 0,100 VOl% W"*}*" chloride. With flowing this atmosphere gas at a linear veloc- 
cSddl^S " * 1200 ° C ** 60 minutes ' fol^ by spontaneous cooling to obtain an 

4 J*„ 6 ob * ained , T der Was * e dysprosium-aluminum garnet represented by D^M^it according to the X-ray dif- 
fraction analysis, and no other peak was observed. According to the observation by the scanning electron microscope, 
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the dysprosium-aluminum garnet oxide consisted of polyhedral particles having at least 8 planes, and had the number 
average particle size of 44 jim The agglomerated particle size (D^) according to the particle size distribution meas- 
urement was 53 urn, and the D 9 ^D^ 0 ratio was 3, which indicated the narrow particle size distribution. The ratio of the 
agglomerated particle size to the number average particle size was 1 .2. The results are shown in Table 3. An electron 
5 microscopic photograph of the obtained powder is shown in Fig. 14. 

Comparative Example 5 

The mixed powder of dysprosium oxide and aluminum oxide as prepared in Example 16 was calcined in an air at 
10 1200°C for 3 hours to obtain an oxide powder. 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to AI 2 Dy 4 0 9 , AIDVO3, 
Dy 2 0 3 , AI2O3, etc. were observed, but no peak to be assigned to the dysprosium-aluminum garnet represented by 
Dy 3 Al50 1 2 was observed. According to the observation by the scanning electron microscope, no polyhedral particle 
was formed, and the particles had irregular shapes and were in the agglomerated state. The results are shown in Table 
15 3. The electron microphotograph of the obtained powder is shown in Fig. 1 5. 

Hereinafter, Examples and Comparative Examples for yttrium-iron garnet, gadolinium-iron garnet, and dysprosium- 
iron garnet will be explained. 

Example 17 

20 

Gamma iron (III) oxide (A BET specific surface area of 34.4 nrf/g) was charged in an alumina crucible and heated 
in an air at a heating rate of 300°C/hr. and at 1000°C for 3 hours to obtain an iron oxide powder. This powder had the 
BET specific surface area of 0.8 rrr^/g. 

The above iron oxide and an yttrium oxide powder (Purity of 99.9 %. A center particle size of 0.4 |im. Manufactured 
25 by Nippon Yttrium Co., Ltd.) were weighed so that the molar ratio of yttrium to iron was 3 : 5, and mixed in isopropanol 
(WAKO JUNYAKU. Special Grade Chemical) with dispersion of the powders by the application of ultrasound, followed 
by removal of isopropanol by an evaporator and a vacuum dryer to obtain a mixed powder of yttrium oxide and iron 
oxide. This powder was f Sled in a platinum vessel. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 300°C/hr. 
30 while passing the nitrogen gas at a linear velocity of 20 mm/min. When the temperature reached 600°C, the nitrogen 
gas was changed to an atmosphere gas consisting of 1 0 vol. % of hydrogen chloride and 90 vol. % of nitrogen gas. With 
this atmosphere gas flowing at a linear velocity of 20 mm/min., the powder was calcined at 1000°C for 60 minutes, fol- 
lowed by spontaneous cooling to obtain an oxide powder. 

The obtained powder was the yttrium-iron garnet represented by Y 3 Fe50 12 according to the X-ray diffraction anal- 
35 ysis, and no other peak was observed. According to the observation by the scanning electron microscope, the yttrium- 
iron garnet powder consisted of polyhedral particles having at least 8 planes, and had the number average particle size 
of 1 3 Jim. The agglomerated particle size (Dsq) according to the particle size distrtoution measurement was 1 6 jim, and 
the Dgp/DjQ ratio was 2, which indicated the narrow particle size distribution. The ratio of the agglomerated particle size 
to the number average particle size was 1 2. The results are shown in Table 3. An electron microscopic photograph of 
40 the obtained powder is shown in Fig. 16. 

Comparative Example 6 

The mixed powder of yttrium oxide and iron oxide as prepared in Example 17 was calcined in an air at 1 100°C for 
45 one hour to obtain an oxide powder. 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to Y2Q3 and FegQa were 
mainly observed, and only small peaks assigned to YFe03 and Y 3 Fe 5 0 12 were observed. According to the observation 
by the scanning electron microscope, no polyhedral particle was formed, and the particles had irregular shapes and 
were in the agglomerated state. The results are shown in Table 3. The electron rm'crophotograph of the obtained powder 
so is shown in Fig. 17. 

Example 18 

Gamma iron (III) oxide (A BET specific surface area of 34.4 rrfrg) was charged in an alumina crucible and heated 
55 in an air at a heating rate of 300°C/hr. and at 1 000°C for 3 hours to obtain an iron oxide powder. 

The above iron oxide and a gadofinium oxide powder (Purity of 99.99 %. Manufactured by Nippon Yttrium Co., Ltd.) 
were weighed so that the molar ratio of gadolinium to iron was 3 : 6, and mixed in isopropanol (WAKO JUNYAKU. Spe- 
cial Grade Chemical) with dispersion of the powders by the application of ultrasound, followed by removal of isopropa- 
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nol by an evaporator and a vacuum dryer to obtain a mixed powder of gadolinium oxide and iron oxide 

to t^IISS^S^ 35 ** ™ matena) and Cateined the same manner as in Exampte 1 7 

The obtained powder was the gadolinium-iron garnet represented by GcfeFesO,, according to the X-rav diffraction 
anajrs*. and no other peak was observed. According to the observation^ the ^H^S^Z 

fSZT 0 " 9am6t ° x,d l consis,ed 01 P°^^al partic.es having at least 8 planes. The r^reTo^aSe 
3. An electron rrucroscope photograph of the obtained powder is shown in Fig. i 8 . 

Comparative Example 7 
fbra^ftolb^o^ 

Fe,(^^L X ^L?^r )ySiS !!* e 0bteined oxide P"** assigned to GdFeQa. and 
2SrTL Jj^S bU,n ° peakt ° be asa9ned 10 003^0,2 was observed. According to the oteenafon by the 
scanrang electron microscope, no polyhedral particle was formed, and the particles had irregular shaDeslmd^e in 
t^ggfomerated state. The resuHs are shown in Table 3. The electron rChoto^Tt^^ed^Z i 

Example 19 

tJ^^cTl^^ ^1 18 8 d ^ meklm <*** P*"** (Purity of 99.99 %. Manufactured by 

tion an^aS r^Jl^? 6 ^^"T ^ repreS6nted * °»**« according to of the X-ray diffrac- 
toonanalys^ and no other peak was observed. According to the observation by the scanning electron microsccoe toe 
dysproaurrnron garnet ox.de consisted of polyhedral particles having at least 8 pfenes. The^iuS^e sZ^TaSe 

Comparative Examplg fi 

tor 3 "oSJ:2S: ^ ^ ^ "** 38 * ^ 1 9 * an air at 1200'C 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to DvFeO, Dv^O, anrt 
2fi ^I^ SerVed ' ^ "° ^ to be assigned to DyaFe^ was^bserv^Acctxdtog to le^S^X 
scanning electron rricroscope. no polyhedral partde was formed, and the particles had inegular sSTaS^e i^ 
the agglomerated state. The results are shown in Table 3 irregular snapes and were * 

^An&carnple and a Comparative Example for a solid solution powder of yttrium oxide and zirconium oxJde will be 



«. J? r.^*? 6 ° Ctahydra,e JUNYAKU. Special Grade Chemical) (39.2 g) and an aqueous solution 
of yttnum nrtrate (100 g/l in terms of yttrium oxide. Purity of 99.9 %. Manufactured by Nippon^toium^^S 
g) were deserved in pure water (400 g) to obtain an aqueous solution of the yttriurn^^thrz^mSi 

^ ,um and * e "w*™ salt was added over 2 hours while stirring to neutralize the sdteaS 

ruoT^^C to c^n^ 6 ^ 6 "Tf^ ^ 3 "» P*P- -d washed with Pur^tHZd^ dr^ 
vacuo* 100 C to obtam a precursor of a solid solution of yttrium oxide and zirconium oxide. When the precursor ^as 

cataned. an ox.de solid solution consisting of 92 mol % of zirconium oxide and 8 mol % of yttoum^dde wSST 
ica. v^ue ^ ^ ^ ^ a P**"™ ^ bulk density of this pcJ^Z ^ 

...J^l^ 6 powder *f P'aced in the quartz muffle and healed from room temperature at a heating rate of 300"C/hr 
while passrng air at a linear velocity of 20 mm/rrin. When the temperature reached ^C^ n TZZ^ 

o^^vT EST 9as of 100 vol. % hydrogen chloride S^S^^^XSZZ^ 

. r / CCOfd,n ? 10 observation by the scanning electron microscope, the solid solution powder of yttrium oxide and 
z,con.um ox.de cons,sted of polyhedral parses having at least 8 ptenes. The resuHs are sr^vn in TaT 3 An^n 
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microscopic photograph of the obtained powder is shown in Fig. 20. 
Comparative Example 9 

5 The precursor powder of solid solution of yttrium oxide and zirconium oxide as prepared in Example 20 was cal- 
cined in an air at 1200°C for one hour to obtain a solid solution powder of yttrium oxide and zirconium oxide. 

According to the observation by the scanning electron microscope, no polyhedral particle was formed, and the par- 
ticles had irregular shapes and were in the agglomerated state. The results are shown in Table 3. The electron micro- 
photograph of the obtained powder is shown in Fig. 21 . 

w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



19 



EP0666 239B1 




that 


hase 


CO 


Q. 


c 


CD 


co 


CD 


O) 


E 


c 


CP 


'co 


"D 


CO 


X 




o 




© 


*o 

CD 




c 


"5 


btai 


o 




o 




o 


CD 


c 








o 



CD 
O 



20 



EP0 666 239B1 



5 



10 



15 



20 



25 



30 



35 



40 




45 Claims 

1. A complex metal oxide powder comprising at least two metal elements, which comprises polyhedral particles each 
having at least 6 planes, a number average particle size of from 0.1 to 500 jxm, and a Dgo/D 10 ratio of 10 or less 
where D 10 and D90 are particle sizes at 10 % and 90 % accumulation, respectively from the smallest particle size 

50 side in a cumulative particle size curve of the particles. 

2. The complex metal oxide power according to claim 1 , wherein said number average particle size is from 0.1 to 300 
jim, and said Dgc/Dio ratio is 5 or less. 

55 3. The complex metal oxide power according to claim 2, wherein a ratio of an agglomerated particle size to a primary 
particle size is from 1 to 6. 

4. The complex metal oxide power according to claim 3, wherein a ratio of an agglomerated particle size to a primary 
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particle size is from 1 to 3. 

5. The complex metal oxide power according to claim 3. wherein said number average particle size is from 20 to 300 
jim. 

6 - "[ be ^ ex ™* al P° wer according to any one of claims 1 to 5. wherein said at least two metals are a com- 
bination of metals excluding a combination of alkali metals only. 

? " Sde? TP,eX metal ^ aCCOrtin9 toan y oneof claims 1 to 5. which is a solid solution powder of metal 

8. The complex metal oxide power according to claim 6, which is a complex metal oxide powder having a garnet struc- 
ture represented by the formula: 

!fw ei » MA ^L and ^ ^ the same or different and each represent at least one metal element, provided that all 
ot M A , M B and Mq are not the same metal element 

9. The complex metal oxide powder according to claim 8. wherein M A is at least one element selected from the group 
cor^sbngrtcxwer magnesium, calcium, rare earth elements, bismuth and manganese, and M B and Mc are the 
same .or djerert t and each at least one element selected from the group consisting of zinc, scandium, aluminum. 
gaHium. indium, titanium, zirconium, silicon, germanium, tin. vanadium, chromium, manganese, iron, cobalt and 

10 - ^ | ^^ etel oxkie P^er according to claim 9. wherein M A is a rare earth element, and M B and Mc are 

11. Thecomplex metal oxide powder according to claim 9, wherein M A is dysprosium, and M B and Mc are both alumi- 
num. 



12 " b^ZT** ™™ OXk,e aCCOrCfin9 to daim 9 ' Wherein M a a rare earth element and M B and M c are 



13. The complex metal oxide powder according to claim 12. wherein M A is yttrium. 

14. The complex metal oxide powder accorcfing to claim 12, wherein M A is gadolinium. 

15. The complex metal oxide powder according to claim 12, wherein M A is dysprosium. 

16. The cxxnplec metaJ oxide powder according to claim 7. wherein said solid solution is a solid solution of zirconium 
oxioe and yttrium oxide. 

17 " ^j!""^" 1 '""" 1 Hf™* fXmdef conpria'nQ polyhedral particles each having at least 6 planes, and having an 
average particle size of 20 to 500 \im. 

18. The^nvalumnum garnet powder according to claim 1 7. which has a particle size distribution represented by a 
D90/D10 ratio of 10 or less where D 10 and D^are particle sizes at 1 0 % and 90 % accumulation resnertivotv from 



. . HVVU .. w .u«n#i) respectively from 

X Swdef Parfde SiZe '"" 8 CUmulative parMe 5)26 <* P^es constituting said yttrium-aluminum gar- 

19 - "Je y^iu^uminufn garnet powder according to claim 17 or 18. wherein a part of yttrium elements are replaced 
by at least one metal selected from rare earth elements, chromium, cobalt and nictel. 

20. An yttrium-aluminum garnet powder comprising polyhedral particles each having at least 6 planes, which rs pre- 
pared by calcining yttrium oxide and/or a yttrium oxide precursor which generates yttrium oxide by heating and alu- 
minum oxide and/or an aluminum oxide precursor which generates aluminum oxide by heating, in an atmosphere 
containing at least one gas selected from the group consisting of: 
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(1) a hydrogen halide, 

(2) a component prepared from a molecular halogen and steam and 

(3) a molecular halogen. 

s 21 . The yttrium-aluminum garnet powder according to claim 20. wherein a part of yttrium elements are replaced by at 
least one metal selected from rare earth elements, chromium, cobalt and nickel. 

22. The yttrium-aluminum garnet powder according to claim 20, wherein said atmosphere gas contains at least 1 vol. 
% of said hydrogen halide, or at least 1 vol. % of said molecular halogen, or said component gas prepared from at 

io least 1 vol. % of said molecular halogen and at least 0.1 % of steam. 

23. The yttrium-aluminum garnet powder according to claim 20, wherein said hydrogen halide (1) is hydrogen chloride 
or hydrogen bromide, and said molecular halogen in (2) or (3) is chlorine or bromine. 

is 24. A method for producing a complex metal oxide powder comprising at least two metal elements, which method com- 
prises calcining a mixture of at least two metal oxide powders and/or metal oxide precursor powders, or a metal 
oxide precursor powder comprising at least two metal elements in an atmosphere containing at least one gas 
selected from the group consisting of: 

20 (1) a hydrogen halide, 

(2) a component prepared from a molecular halogen and steam and 

(3) a molecular halogen. 

25. The method according to claim 24, wherein a gas contained in said atmosphere gas is a hydrogen halide. 

25 

26. The method according to claim 25, wherein said hydrogen halide is hydrogen chloride, hydrogen bromide or hydro- 
gen iodide. 

27. The method according to claim 25, wherein a concentration of said hydrogen halide in said atmosphere gas is at 
30 least 1 vol. %. 

28. The method according to claim 24, wherein a gas contained in said atmosphere gas is said component prepared 
from a molecular halogen and steam. 

35 29. The method according to claim 28, wherein said molecular halogen is chlorine, bromine or iodine. 

30. The method according to claim 28, wherein said component prepared from a molecular halogen and steam is a 
component prepared from at least 1 vol. % of said molecular halogen and at least 0.1 vol. % of steam, both based 
on said atmosphere gas. 

40 

31. The method according to claim 24, wherein a gas contained in said atmosphere gas is a molecular halogen, said 
molecular halogen is chlorine, bromine or iodine, and a concentration of said molecular halogen in said atmosphere 
gas is at least 1 vol. %. 

45 32. The method according to claim 24, wherein a bulk density of said mixture of at least two metal oxide powders 
and/or metal oxide precursor powders, or said metal oxide precursor powder comprising at least two metal ele- 
ments is 40 % or less of a theoretical density. 

33. The method according to clam 24, wherein said complex metal oxide powder is obtained at a site where said mix- 
so ture of at least two metal oxide powders and/or metal oxide precursor powders, or said metal oxide precursor pow- 
der comprising at least two metal elements is present 

34. The method according to claim 24, wherein said at least two metals are a combination of metals excluding a com- 
bination of alkali metals only. 

55 

35. The method according to claim 24, wherein said complex metal oxide powder is a solid solution powder of metal 
oxides. 
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36. The method according to claim 34. wherein said complex metal oxide is a complex metal oxide powder having a 
garnet structure represented by the formula: 3 ** 

(M/03(Mb)2I(Mc)O4]3 (I) 

wherein M A . M B and Mc are the same or different and each represent at least one metal element, provided that all 
of M A . M B and Mc are not the same metal element 

37. The method according to claim 36. wherein M A is at least one element selected from the group consisting of cop- 
per, magnesium, calcium, rare earth elements, bismuth and manganese, and M B and Mc are the same or different 
and each at least one element selected from the group consisting of zinc, scandium, aluminum, gallium, indium 
titanium, zirconium, silicon, germanium, tin. vanadium, chromium, manganese, iron, cobalt and nickel. 

38. The method according to claim 37, wherein M A is yttrium, and M B and Mc are both aluminum. 

39. The method according to claim 37. wherein M A is yttrium a part of which is replaced by other rare earth element 
and M B and Mc are both aluminum 

40. The method according to claim 39. wherein said other rare earth element is terbium or dysprosium. 

41. The method according to claim 37, wherein M A is dysprosium, and M B and M c are both aluminum 

42. The method according to claim 37, wherein M A is a rare earth element and Mb and Mc are both iron. 

43. The method according to claim 42. wherein said rare earth element is yttrium, gadolinium or dysprosium 

44. Themethod according to claim 35. wherein said solid solution is a solid solution of zirconium oxide and yttrium 

45. The method according to any one of claims 24 to 44. wherein said calcination is carried out in the presence of a 
seed crystal. 

46. The method according to claim 45, wherein a bulk density of said seed crystal is 40 % or less of a theoretical den- 
sity. 

Patentansprtiche 

1 . Putver eines komplexen Metalloxids, umfassend wenigstens 2 metaOische Elemente, das polyedrische Teilchen mrt 
jewefls wenigstens 6 Ftechen, ein Zahlenmrttei der TeilchengrOBe von 0,1 bis 500 |im und ein D^ 10 -VerhaHnis 
von 10 oder weniger umfaBt, wobei D 10 tew. Dgo die TeilchengrOBen bei 10% bzw. 90% AkkumUation von der 
seite der Wansten TeilchengrOBe her in einer kumulativen TeitehengrOBenkurve der Teilchen and. 

2. Putver eines komplexen Metalloxids nach Anspruch 1 , wobei das Zahlenmrttei der TeilchengrOBe 0.1 bis 300 urn 
betragt und das D^o-Verhaftnis 5 Oder weniger ist. ^ 

3. Putver eines komplexen Metalloxids nach Anspruch 2. wobei das Verhaltnis von aggkxnerierter TeilchengrOBe zu 
pnmarer TeichengrOBe 1 bis 6 ist. 

4. Putver eines komplexen Metalloxids nach Anspruch 3. wobei das Verhaltnis von aggtomerierter TeilchengrOBe zu 
pnmarer TeachengrOBe 1 bis 3 ist. 

^ b£Z^ neS kDmpleX8n Meta "° xidS nacn Ans P ruch 3 . das Zahlenmrttei der TeilchengrOBe 20 bis 300 ^m 

6. Putver eines komplexen Metalloxids nach einem der Anspruche 1 bis 5. wobei die wenigstens 2 Metalle eine Kbm- 
bmation von MetaHen sind. bei der die Kbmbination von lecfiglich Alkalimetallen ausgeschlossen ist. 

7. Putver eines komplexen Metalloxids nach einem der Anspruche 1 bis 5. das ein Putver einer fasten Losung von 
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Metalloxiden ist 

8. Pulver eines komplexen Metalloxids nach Anspruch 6. das ein Pulver eines komplexen Metalloxids mit Granatstruk- 
turder Formel: 

5 

(MA) 3 (MB)2l(Mc)04fe (0 

ist, in der M A , M B und M c gteich Oder verschieden sind uixi jeweils fur ein melallisches Element stehen, rrtit der 
MaBgabe, da8 nicht alle M A , M B und Mc das selbe metallische Element sind. 

w 

9. Pulver eines komplexen Metaitoxids nach Anspruch 8, wobei M A wenigstens ein Element der Gruppe Kupfer, 
Magnesium, Calcium SeJtenerdelemente, Bismut und Mangan ist, und M B und M c gleich Oder verschieden sind 
und jeweils wenigstens ein Element aus der Gruppe Zink, Scandium, Aluminium, Gallium, Indium, Titan, Zirkon, 
Silizium, Germanium, Zinn, Vanadium, Chrom, Mangan, Eisen. Kobalt und Nickel sind. 

15 

10. Pulver eines komplexen Metalloxids nach Anspruch 9, wobei M A ein Sertenerdelement ist und M B und Mc beide fflr 
Aluminium stehen. 

11. Pulver eines komplexen Metalloxids nach Anspruch 9. wobei M A fur Dysprosium stent und M B und Mc beide fur 
20 Aluminium stehen. 

12. Pulver eines komplexen Metalloxids nach Anspruch 9, wobei M A ein Sertenerdelement ist und M B und Mc beide fur 
Eisen stehen. 

25 13. Pulver eines komplexen Metalloxids nach Anspruch 12, wobei M A for Yttrium stent 

14. Pulver eines komplexen Metalloxids nach Anspruch 12, wobei M A fur Gadolinium stent 

15. Pulver eines komplexen Metalloxids nach Anspruch 12, wobei M A fur Dysprosium stent 

30 

16. Pulver eines komplexen Metalloxids nach Anspruch 7, wobei die teste Losung eine teste LOsung von Zirkonoxid 
und Yttrrumoxid ist 

17. Yttriun^Alurrunium-Granatpulver, umfassend polyedrische Teilchen mit jeweils wenigstens 6 Fiachen und einer 
35 mrWeren TeilchengrOBe von 20 bis 500 Jim 

18. YttriunvAluminiurn-Granatputver nach Anspruch 17, das eine TetlchengrOBenverteilung aufweist, die durch ein 
D 90 /D 10 -Verhaftnis von 1 0 Oder weniger wiedergegeben wird, wobei D 10 bzw. D 90 die TeilchengrOBen bei 10% bzw. 
90% Akkumulation von der Seite der Heinsten TeilchengrOBe her in einer kumulativen TeilchengrOBen kurve der 

40 Teilchen sind, aus denen das Yttrium- Aluminium-Granatpulver besteht 

19. Yttrium- Alurrtnium-Granatpulver nach Anspruch 17 oder 18, wobei ein Tell der Yttriumelemerrte durch wenigstens 
ein Metal! , gewdhrt aus Seltenerdelementen, Chrom, Kobalt und Nickel, ersetzt ist 

45 20. Yttrium- Alurranium-Granatpurver, umfassend polyedrische Teilchen mit jeweils wenigstens 6 Fiachen, das herge- 
stellt wird, indem Yttriumoxid und/oder eine YttriurnoxkJvorstufe, die beim Erhrtzen Yttriumoodd erzeugt und Aiumi- 
nhjmoxkJ unaVoder eine Alurriniumoxxjvorstufe, die beim Erhrtzen Aiuminiumoxid erzeugt, in einer Atmosphere, die 
wenigstens ein Gas, gewdhrt aus der Gruppe 

so (1) Halog enwasserstoff 

(2) Bestandteil, hergestellt aus molekularem Halogen und Wasserdampf, und 

(3) molekularem Halogen, 
errthait, gebrannt wird. 

55 21. Yttrium-Aluirtnium-Granatpurver nach Anspruch 20. wobei ein Teil der Yttriumelemente durch wenigstens ein 
Metall, gewahrt aus Seltenerdelementen, Chrom, Kobalt und Nickel, ersetzt ist 

22. Yttriurn-Aluminium-Granatpuiver nach Anspruch 20, wobei das Atmospharengas wenigstens 1 Vbl.% Halogenwas- 



25 



EP0 666 239B1 



(1) Halogenwasserstoff 
w enthait. 

25. Verfahren nach Arspruch 24. wobei das im Mnospharengas enthahene Gas ein Ha.ogenwasserstoff * 
- 26 ' ^ * ** Ha^genwasse^ Chfcawassenaotf. Bronwasserstoff oder .odwasse, 



s wenigstens 1 



27 ' JESS^ * ^ ^ des Hatogenwasserstoffs * Atn^spharenga 

" * JS^^T 2 ^^ "n^engas ^ ^ gU8 ^ ^ 



29. Verfahren nach Anspruch 28. wobei das molekulare Halogen ChJor. Brom 



Oder lod ist. 



35 



30 *s^?«22s~ 

ist. jewels bezogen auf das AlmospharenST 9 0,1 Vol% Wasse ' da ^P f hergestellter Bestandteil 

wenigstens 1 Vbl.% betragt. Kbnzentnrtion des motekiiaren Halogens im Ahnospharengas 

- 40% Oder wenigeX «h»rScS DSSaT^ erc " 2 mete « ische Bemente. 

33. Verfahren nach Anspruch 24. wobei das Pulver eines kormlf««n M«teo^- • ^ .. 

Gen«sch aus wenigstens 2 M^io^^^ZT^Z^^^ ? e,TOr ^ erhalten "** w das 
PuVer. umfassend wenigstens 2 3^^"*^ ^ ** Metalloxidvorstufen- 

^ ES^*"^ * ^ ^ — Metaloxids *, Pufce, einer fasten LOsung ^ 

* *^«*'«"»» * ™~ «nes fconpiexen Metals n* Granat- 

ssrs: ssssssr- — — — - * 



45 
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37. Verfahren nach Anspruch 36, wobei M A wenlgstens ein Element der Gruppe Kupfer, Magnesium, Calcium, Sel- 
tenerdelemente, Bismut und Mangan ist, und M B und Mq gleich oder verschieden sind und jeweils wenigstens ein 
Element a us der Gruppe Zink, Scandium, Aluminium, Gallium, Indium, Titan, Zirkon, Silizium, Germanium, Zinn, 
Vanadium, Chrom, Mangan, Ersen, Kobalt und Nickel sind. 

5 

38. Verfahren nach Anspruch 37, wobei M A fur Yttrium stent und M B und Mc beide fur Aluminium stehea 

39. Verfahren nach Anspruch 37, wobei M A fur Yttrium, woven ein Teil durch ein werteres Seltenerdelement ersetzt ist, 
stent und M B und M c beide fur Aluminium stehen. 

w 

40. Verfahren nach Anspruch 39. wobei das weitere Seltenerdelement Terbium oder Dysprosium ist. 

41 . Verfahren nach Anspruch 37, wobei M A fur Dysprosium stent und M B und M c beide fur Aluminium stehen. 

is 42. Verfahren nach Anspruch 37, wobei M A fur ein Seltenerdelement stent und M B und Mc beide fur Eisen stehen. 

43. Verfahren nach Anspruch 42, wobei das Seltenerdelement Yttrium, Gadolinium oder Dysprosium ist. 

44. Verfahren nach Anspruch 35. wobei die teste LOsung erne teste LOsung von Zirtonoxid und Yttriumoxid ist 

20 

45. Verfahren nach einem der Anspruche 24 bis 44, wobei das Bremen in Gegenwart eines Impfkristalls durchgefuhrt 
wird. 

46. Verfahren nach Anspruch 45, wobei tie Schuttdichte des Impfkristalls 40% oder weniger der theorefechen Dichte 
25 betragt. 

Revendications 

1 . Poudre d'oxyde metailique complexe comprenant au moins deux elements metalliques. qui comprend des particu- 
30 les polyedriques ayant chacune au moins 6 plans, une granulomere moyenne en nombre de 0,1 a 500 \im t et un 

rapport Dgo/D 10 de 10 ou moins, D 10 et Dgo etant les granulomeres a une accumulation de 10 % et 90 %. respec- 
tivement deputs le cdt6 de gramlometrie la plus faible dans une courbe grarujlometrique cumulee des particules. 

2. Poudre d'oxyde metailique complexe selon la revendication 1, caracterisee en ce que lacfite granulomere 
35 moyenne en nombre est de 0,1 a 300 Jim, et ledrt rapport Dgo/D 10 est 5 ou moins. 

3. Poudre cfaxyde metailique complexe selon la revendication 2, caracterts6e en ce que le rapport d'une granu1om6- 
trie cumul6e d une granulom§trie primaire est de 1 § 6. 

40 4. Poudre cfaxyde m&alfique complexe selon la revendication 3, caract6ris6e en ce que le rapport d'une granuloma 
trie cumul6e a une granufom&rie primaire est de 1 a 3. 

5. Poudre cfaxyde rrxMallique complexe selon la revendication 3, caract6ris6e en ce que lacfite granulom6trie 
moyenne en nombre est de 20 a 300 |im. 

45 

6. Poudre d'oxyde metaOique complexe selon Tune des revendications 1 a 5, caracterisee en ce qu'au moins lesdrts 
deux metaux sort une combinaison de metaux a I'exctusion d'une combinaison de metaux alcalins seuls. 

7. Poudre d'oxyde metaDique complexe selon i'une des revendications 1 a 5, caracterisee en ce qu'elle est une pou- 
so dre en solution solide d'oxydes metalliques, 

a Poudre d'oxyde metailique complexe selon la revendication 6, caracterisee en ce qu'elle est une poudre d'oxyde 
metalfique complexe ayant une structure grenat representee par la for mule: 

55 (M/OsCMbJ^cJO^ (0 

dans faquelle M A , M B et Mq sort semblables ou cfiff ererrts et representent chacun au moins un element metailique, 
a condition que tous les M A , M B et Mq ne soiert pas le m§me element metailique. 
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15. ^^»'«»^<»n»to^l.„»M^ 

17. Poudre de grenat dyttriunvaluminium, comprenant des oartiriiiPQ nniu^H™,..^ ^ , . 

el ayant une granutometrie moyenne de 20? mj> P°**W ayanl chacune au moins 6 plans. 

18. Poudre de grenat dyttriurn-aluminium selon la revenrik^ti™ 1 7 ~^a^ a 

19. Poudre de grenat (fyttrium-aluminium selon la revendication 17 ™» 1« ^^a—a 

d-yttrium par chauHage et d'oxvde dtakmMn^rtT^ tfQxyde dVttnum ^ engendre de Poxyde 

(1) un halogenure dliydrogene, 

(2) un compose prepare a partir dlialogene moleculaire et de vapeur et 

(3) un halogens moleculaire. 

21. Poudre de grenat dyttrium-aJuminium selon la revindication on a 

cubire, ou ledrt compose ™£X? ^f^*™" ou au mens 1 % en volume dudit halogens mole- 
d'au L* O^^uSe^pt? ^ * *" ™* 1 * «" «»™ dudrt hatogene mo.ecu.aire et 

23. Poudre de grenat cf yttrium-aluminium seton fa revendfcatinn on rarD^A. . _ m 

Q6ne (1) est le chlorure (Phydrogene oSm^S^S ^ halo86nure tfh * ro - 

techtoreoulebrome. e w ,e Dr ^ e d^*^. « te*t P^ene ou(3)est 
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24. Procede de preparation d'une poudre d'oxyde metallique complexe comprenant au moins deux elements metalli- 
ques, ledrt procede comprenant la calcination d un melange d'au moins deux poudres cfoxydes metalliques et/ou 
des precurseurs en poudre d'oxydes metalliques, ou un precurseur en poudre d'oxydes melalliques comprenant 
au moins deux elements melalliques dans une atmosphere contenant au moins un gaz choisi dans le groupe forme 

5 par: 

(1) un halogenure dtiydrogene, 

(2) un compose prepare a partir d'halogene moleculaire et de vapeur et 

(3) un halogene moleculaire. 

w 

25. Precede selon la revendication 24, caracterise en ce que le gaz contenu dans ladrte atmosphere de gaz est un 
halogenure d'hydrogene. 

26. Precede selon la revendication 25, caracterise en ce que ledrt halogenure d'hydrogene est le chlorure d'hydrogene, 
75 le bromure d'hydrogene ou nocture d'hydrogene. 

27. Precede selon la revendication 25, caracterise en ce que la concentration ducSt halogenure d'hydrogene dans 
ladrte atmosphere de gaz est au moins 1 % en volume. 

20 28. Precede selon la revendication 24, caracterise en ce que le gaz contenu dans ladite atmosphere de gaz est ledit 
compose prepare a partir d'halogene moleculaire et de vapeur. 

29. Precede selon la revendication 28, caracterise en ce que ledit halogene moleculaire est le chlore, le brome ou 
l'iode. 

25 

30. Precede selon la revendication 28, caracterise en ce que ledit compose prepare a partir d'halogene moleculaire et 
de vapeur est un compose prepare a partir d'au moins 1 % en volume ducfit halogene moleculaire et cfau moins 
0,1 % en volume de vapeur, tous deux par rapport a ladite atmosphere de gaz. 

30 31. Precede selon la revendication 24, caracterise en ce que le gaz contenu dans ladite atmosphere de gaz est un 
halogene moleculaire, ledit halogene moleculaire etant le chlore, le brome ou l'iode, et la concentration dud'rt 
halogene moleculaire dans ladite atmosphere de gaz etant d'au moins 1 % en volume. 

32. Precede selon la revendication 24, caracterise en ce que la masse volurrrique apparente ducfit melange d'au moins 
35 deux poudres d'oxydes metalliques et/ou des precurseurs en poudre d'oxydes metalliques, ou dudrt precurseur en 

poudre d'oxydes metalliques comprenant au moins deux elements metalliques est egale a 40 % ou moins de la 
masse volumique theorique. 

33. Precede selon la revenalcation 24, caracterise en ce que ladrte poudre d'oxyde metallique complexe est obtenue 
40 a un endroit ou est present ledrt melange cfau moins deux poudres d'oxydes metalliques et/ou des precurseurs en 

poudre d'oxydes metalliques, ou ledit precurseur en poudre d'oxydes metalliques comprenant au moins deux ele- 
ments metalliques. 

34. Precede selon la revendication 24, caracterise en ce qu'au moins lesdits deux metaux sont une combinaison de 
45 metaux excluant une combinaison de metaux alcalins seute. 

35. Precede selon la revendication 24, caracterise en ce que ladrte poudre d'oxyde metallique complexe est une pou- 
dre en solution solide d'oxydes metalliques. 

50 36. Precede selon la revendication 34, caracterise en ce que ladrte poudre d'oxyde metallique complexe est une pou- 
dre d'oxyde metallique complexe ayant une structure grenat representee par la for mule: 

MOaffeMMJO* (I) 

55 dans laquelle M A , M B et Me sont sembtables ou cfiff ererrts et represent errt chacun au moins un element metallique, 
a condition que tous les M A , M B et Mq ne soient pas le meme element metallique. 

37. Precede selon la revendication 36, caracterise en ce que M A est au moins un element choisi dans le groupe forme 
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parte cuivre. lemagnfeium, le calcium, les agents de terre rare. le bismuth et le manganese, et M B et M c sont 
ZZSSa renteetsontchacun au moins un 6lerr^cr«,isic^.egroupeform6^.e 2 inc. lescar^^ 

,e zira>nium - ,esi,ichjm - ,e9ermanium - '^ * * 

38. Precede seton la revendication 37. caracterise en ce que M A est ('yttrium et M B et Mc sont tous deux I'aluminium. 

M * ! r ^.lr , ^J a l a ' endiCati0n 3? ' caract6ris6 en ce M A est I'yttrium dont une parte est remplacee par un 
autre element deterre rare. etM B etMc sont tous deux ('aluminium. rempacee par un 

4 °- 56100 ' a fWendiCati ° n 391 caract6ris6 ence <^ (edit autre element de terre rare est le terbium ou le dys- 

» 41 ' ESm.* 56100 18 rWendiCati0n 37 ' *" <* W M a est le dysprosium, et ^ et M c sont tous deux I'alu- 

42 ' d P ^f e 6 f ; eton te rWendication 37 ' en ce que M A est un element de terre rare, et M B et Mc sont tous 

X tedium 13 fWendiCaBOn 42 ' ^ ce ^ e ««»•* de terre rare est .'yttrium, le gadoRnium ou 

Su^etXX^ ^ CaraCt6nSe ladte ^ «* ™ sotufcn sofcte cfoxy.e de 



25 



45 ' d ^eL^ir n deS rWendlCati0nS 24 * Caract6ris6 « ce •» ladHe calcination est effectuee en presence 

so ^ e^f^i JT"^ C3raCt6riS6 en ce que la masse volumetrique apparente dudit germe cristallin 
so est egale a 40 % ou moms de la masse volumetrique theorique. 
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